overall picture of amino acid metabolism in various tissues in response to the quality and quantity of ingested proteins. Thus, to understand the nutritional significance of plasma free amino acids, it is very important to elucidate the amino acid metabolisms in different organs and their interrelations . Amino acid metab olism in whole organs has mainly been studied by the tissue perfusion method with isolated organs and blood (2, 3) or by the artery-venous difference method (4) . Ishikawa's group (5-7) have obtained much useful information on amino acid metabolism in various tissues of starving and fed rats using the latter method . However, it is difficult to determine quantitative changes of metabolism by this method. There are many reports extant on the investigation of amino acid metaoblism in perfused rat liver (8) (9) (10) (11) , however, at the end of the day, none of the reports clarified the relations to dietary protein at all. Recently, Oyanagi et al. (12) and Krone et al. (13) demonstrated that perfluoro chemicals could be used as oxygen carriers instead of red blood cells. Therefore, in this study on the nutritional signification of plasma free amino acids we used the perfusion method with perfluorocarbon for oxygen transport and examined the responses of amino acid metabolism in adult rat liver to dietary protein and to plasma free amino acids .
EXPERIMENTAL Animals and diets. Male Sprague-Dawley strain rats weighing about 250g were fed on commercial stock diet until they weighed about 300g, and were then divided into 6 groups of 6 to 8 rats each and housed individually in an air-conditioned room. They were given the experimental diets shown in Table 1 ad libitum for 3 weeks.
Three control groups were given diet containing 10% lyophilized whole egg protein and 3 groups were given diet containing 3% egg protein as low-protein diet. Body weight and food consumption were recorded daily.
Perfusion. At the end of 3 weeks, the animals were starved for exactly 12 hr and one group on 10% protein and one on 3% protein were killed to measure the levels of free amino acids in the liver. For the liver perfusion, the other 2.groups on each diet were treated according to the procedure of Hems et al. (14) and the liver was perfused in situ for 120 min with a Mortimore model apparatus (15) . The com positions of the perfusion media used are shown in Table 2 . In Experiment 1, the liver was perfused with amino acid-free medium, while in Experiment 2 it was perfused with medium containing free amino acids simulating those in the plasma of adult rats on 10% egg protein diet. The other components of the perfusate were 2.5% human albumin, to obtain a suitable colloidal osmotic pressure, 10% perfluorocarbon (FC-43 from the Green Cross Corporation) as a carrier of O2 and CO2 and 100mg per 100ml of glucose. Seventy milliliters of medium were put into the reservoir and saturated with oxygen from an oxygenator. The oxygen-saturated medium was pumped up through the filter and bubble drain, to the liver via the portal vein at a flow rate of 10 ml per min (1ml/g liver per min). The hepatic artery a The composition simulated that in the plasma of rats on 10% egg protein diet.
b Human serum albumin, Fraction V, purchased from Sigma Chemical Co., St. Louis, Mo. c FC-43 as O2-CO2 carrier for perfusion, obtained from Green Cross Corp., Osaka, Japan.
was ligated and the medium issuing from the hepatic vein was reintroduced into the reservoir. The physiological temperature and suitable humidity were maintained for the apparatus, and adequate perfusion was judged by macroscopic observation and by measuring the pH, bile production, etc. Determinations. After perfusion for 120min, the liver was removed rapidly and weighed and samples were taken for amino acid analysis. The free amino acids and urea released from liver into medium were measured by the method of Stein and Moore (16) with a slight modification (17) and the indophenol method (18) , re spectively. The free amino acids were analyzed with an automatic amino acid analyzer (Yanaco Model LC-5S). Still, the data expressed as Glu in the tables consist of only glutamic acid.
RESULTS

Weight gain and food consumption
Results on weight gain and food consumption are shown in Table 3 . In Experiment 1, there was no significant difference in the food consumptions of the control and low-protein groups, and thus the low-protein group consumed about 1/3 as much protein as the control group. Weight gain of the low-protein group was also significantly lower than that of the controls. Food intakes in Experiment 2 were similar to those in Exp. 1 and weight gain of the low-protein group was also significantly lower than that of the controls, although both groups gained more weight than in Exp. 1.
Urea release from the liver into the medium
The time-course of urea release into the perfusate is shown in Fig. 1 . In Exp. 1, Table 4 . (Tables  6 and  7) .
DISCUSSION
When the liver of adult rats was perfused with amino acid-free medium for 2hr, there was a decrease of about 40% in the amount of free amino acids in the liver. At the same times, free amino acids were released into the perfusion medium, and this T. RIKIMARU 
